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1. Introduction 

The Flight Telerobotic Servicer (FTS) is being deeded 
performing a variety ot assembly, servicing, ins P<*c D i rectora t e to assemble a robotics research and develop- 
The Project Office at GSFC has ^J^^ E "^ ject T g h ° activiti es center around support for the Development 
ment program which will support the P J onerational problems associated with the FTS on 

Test Flight (DTF) on the Space I Shuttle t and and eod-effecor, wil, be 

Space Station Freedom. For the DTF areas sucli a l s a dual . arm bi-lateral force-reflecting 

» r « “ repo,,s wi " be een ' ra, ' d for inpul 

to the DTF and FTS designs. 



Figure 1 . FTS design concept. 
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2. Facility Description 


m s °ix P C d u T' vins 

• ~ r * a. «_ jl*; 

ksebsk-^^ 



_. SIMULATOR 

Figure 2. Robot design integration and test facility. 


r . f S 3n adjunct t0 the facility, a technology is being developed for graphically displaying each move of the 
mbo, , n Performing its tasks. The graphics are being used to determine such things as the fobot’s Teach caoa 
i i y, an check for collision avoidance. The graphic simulator enables the tasks to be defined by breaking down 
each task into sub-steps from which a “scrip,” can be created. The script allows for the creation of a moZ 
representation of the FTS and its relationship to the assembly phase of Space Station. Currently the capability 
incorporates the inverse kinematics associated with the robot motion. Eventually through research being nJ 

^ZZ,lZ^ZT y ° r ,owa dynam,c modds wiU be dCTelop ' d a " d <■*£— &SZ22ZZ: 


Working closely with the National Institute of Standards and Technology (NIST) a computer architecture 
is being established which allows for incremental development and evolution of the telerobotic system leading to 
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developments to U.S. Industry, making technology transfer possible. 

addition to the gantry and FTS Operational Simulate, a °| 0 ^ 

sof - 

ware deveiipmen, and lechnologtes arriving from other NASA rerearch fac, hires (Frgrrre 4). 


Oh'JG'MAL PAGE 

3LACK Aisu WHilE PHOTOGRAPH 



Figure 3. Seven degree of freedom industrial manipulator. 


order ,o reduce the overall complex!, y of the robot. tha, 

lion systems, dexterous hands, etc. ... the robotic tas must e a^e with the robot in a known pre-delermined 
ma^E?^ 

mated orbital replacement units (ORU) and common AI , ho ugh i, is recognized that 

™ ^rr^^Xi. wiS itr^rate in a £. structured envtron- 
ment, these techniques, when standardized, will make the robot a more cost effective syste . 
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Figure 4. Pre-cursor checkout facility. 
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Figure 6. ORU mockup with “J” hook attach mechanisms. 


3. Test Program 

Each element of ,hc FTS research and development program has been broto ^ 
cvenls in the DTF mission and FTS development (Figure 7). Th "\“ sua ^ “' nc f ^ proeram veil! be 
Reviews (PDR» or Critical Design Reviews (CDR). In this mi nne d » '^v r „ta .ogciSer with two 
available to the FTS design activities in a timely manner. For the first phase, the gantry ro 
floor mounted PUMA 762 robots, operating through the use of enhance wor s a ion 

1. Deploy a Station Interface Adapter (SI A) leg. 


2. Attach the SIA to a truss node. 
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Figure 7. Test program schedule. 


3. Perform a Payload Interface Adapter (PIA) actuator closure. 

4. Connect a thermal utility connection. 

5. Changeout a sub-ORU. 

6. Perform a simulated instrument alignment. 

FlichtDeT (Am! Ph3S , e ’ 3 m u°u 0 -i C WOrksta,ion - dcsi « ned IO Physically represent the Space Shuttle Aft 
g eck (AFD constraints, will be built. The workstation will represent the results of a human engineering 

Te AFr"!! 6 Ca ! IOn ° f diSP ' ayS 3nd C ° ntro,s - This workstation will be used for future demonstrations 
The AFD workstation software will be implemented in ADA. 

sin, u la to M FT S O S)' " T he FTS ' hC dU3 ' T- ,e, * operatcd mani P l,la,or become the FTS operational 

simulator (FTSOS). The FTS operational simulator will have kinematically identical 6-DOF masters and slaves 

The teleoperator system will be integrated onto the gantry. A new task mockup representative o ie Space Sm 

non Electrical Power System (EPS) radiator panel assembly will be built. The activity will consist of inserting £ 

radiator panels into a mockup heat exchanger using the FTSOS system and AFD workstation. g 

, , F ° r technology, seven degree of freedom dual-arm telerobotic controls and a safety testbed will be 

developed. The testbed will investigate the ADA language, mini-masters, control techniques end e»Te ' or 
designs, system safety, and dynamic simulations. ct lector 

During the initial phase, the equipment necessary to build the seven degree of freedom dual arm 
manipulator testbed sys.em will be implemented for lorce-feedback teleoperahon Safety a | 8 „riLl“ilf™ 
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anTs d af«° ^bed^S fn^ nIsREmT^™^ fn^sa.e tele- 

operator issues. 

manipulator system. 

4. Future Activities 

As the characteristics of the FTS become £E.“££2 

been demonstrated, the test program will be broadened to ^ mclude asse ) ' ® f rende2v0us 

payloads, servicing of scientific instruments facility (Figure 8, 

XnS InTv S‘ 'a, so housed in this extension w,„ be a fnl, sired ntochup of a Space Station 

node and cupola FTS workstation for operational simulation. 
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